Mother's own milk is widely recognized as the optimal feeding for term infants, but increasing evidence exists of its benefits also for sick and preterm infants in neonatal intensive care units. However, the nutritional needs for appropriate growth and neurodevelopmental outcomes of such a particular population of infants should be attentively evaluated, considering also the indication to an appropriate fortification of human milk. The target is to achieve growth potential for preterm newborns while ensuring good metabolic outcomes and normal neurological development. When mother's milk is unavailable or in short supply, donor human milk (DHM) represents the second best choice and, although somewhat modified by the Holder pasteurization process, it preserves many benefits when compared to formula, as documented by more and more reports, randomized controlled trials, and meta-analyses published in the past few years. Evidence exists of the protection exerted by DHM from necrotizing enterocolitis, while further studies are required to look at possible beneficial effects regarding infections, bronchopulmonary dysplasia, long-term cardiovascular risk factors, feeding tolerance, neurological outcome, and allergy. Finally, the concern that the use of DHM might decrease preterm infant breastfeeding is being raised. Conversely, publications exist showing that the use of DHM in the neonatal unit increases breastfeeding rates at discharge for infants of very low birth weight.
Background
Breastfeeding is universally accepted as the normative standard for the feeding and nutrition of infants born at term until 6 months of age, followed by complementary feeding and continued, if possible, well beyond 1 year of life. 1 During the past decades, increasing evidence confirmed that there are important benefits to the use of maternal milk (MM) for sick and preterm infants in neonatal intensive care units (NICUs). However, the nutritional needs for an appropriate growth and neurodevelopmental outcome of such a particular population of infants should be attentively evaluated, considering also the indication to fortification of human milk.
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Giuliani et al insufficiency, and cardiopathies with failure to thrive due to feeding intolerance. [5] [6] [7] [8] This paper aims to present and discuss the published evidence regarding the benefits derived from the use of DHM for preterm infants, with a comment on the main concerns and challenges limiting a wider use.
Biological aspects
Human milk can be considered a species-specific biological "dynamic" system. In particular, it contains many factors with specific biological roles, such as hormones, growth factors, enzymes, immunoglobulins, lactoferrin, lysozyme, oligosaccharides, nucleotides, antioxidants, and cellular components that possess both an active role in protecting the infant against infections, but also exert an immunomodulant action and select a beneficial intestinal bacterial flora. [9] [10] [11] DHM undergoes the process of pasteurization, with Holder pasteurization being the most commonly used technique. Pasteurization aims at guaranteeing microbiological safety of the product but it partially affects both nutritional and immunological characteristics of milk; however, it is a well recognized fact that pasteurized milk maintains at least some of the protective effects of MM. 3 Among the factors that exert a protective effect, oligosaccharides have a demonstrated and relevant role. Originally they have been described as a prebiotic "bifidus factor" that serves as a metabolic substrate to select a desired intestinal microbiota with beneficial effects for the breast-fed infant. Nowadays, oligosaccharides are recognized to be more than just "food for bugs". Among the direct effects of human milk, oligosaccharides prevent pathogen adhesion to mucosal surfaces and a modulation of epithelial and immune cell response are described, together with the result of a consequent lower rate of infections. 12 Focusing on DHM, a few years ago our research group studied the effects of Holder pasteurization on the concentration and pattern of oligosaccharides in preterm human milk. Our results indicate that pasteurization does not affect the concentration or pattern of analyzed oligosaccharides. 13 The effect of pasteurization and frozen storage on the content and bioavailability of other human milk components, such as fat, bile salt-stimulated lipase, and lipoprotein lipase has been investigated in many studies. In summary, pasteurization has been reported to reduce fat and energy content of milk 14 as well as fat absorption. 15 Frozen storage at −20°C of pasteurized milk seems to decrease fat, lactose, and the energy content of milk. 14 In order to minimize the impact on the nutritional and immunological quality of human milk, different pasteurization methods are under investigation. For example, an alternative to Holder pasteurization is the high-temperature short-time pasteurization. A recent study showed a better preservation of bile salt-stimulated lipase, lactoferrin, and components of the immune system after this pasteurization compared with Holder pasteurization. 16 However, further studies are recommended to investigate the microbiological safety of alternative pasteurization methods.
Nutritional aspects
As stated earlier in this paper, MM is universally accepted as the best feeding choice for every infant, mainly for its advantageous nutritional and immunological characteristics. For preterm infants, however, it is suggested that in order to meet their increased nutritional requirements, while maintaining the unique benefit of breastfeeding, MM needs to be appropriately fortified, mainly to guarantee adequate growth and bone mineralization. 17 Two Cochrane reviews exist reporting better short-term outcomes in terms of weight, linear and head growth for infants whose milk was enriched with a multicomponent fortifier. 18, 19 Even if long-term outcomes are not yet deeply investigated, we should not expect further studies evaluating fortification of human milk versus no supplementation to be performed. On the contrary, further research is needed to compare different fortifiers in order to achieve a composition proven to obtain the best results in short and long-term outcomes. Besides fortifier composition, the best method to tailor it to the preterm infant is still debated; currently, different protocols are used in the neonatal units. If fortified in a standard manner, in half the cases MM fails to meet the protein recommended intake for premature neonates 20 and an insufficient protein intake is the main factor associated with growth failure in preterm infants.
In the case of DHM, which is usually donated by the mothers of term infants beyond 1 month postpartum, and which is likely to have lower protein content than preterm MM, [21] [22] [23] [24] the issue is even more relevant. Individual fortification has recently been reported as an effective means to resolve the issue of the variability of expressed DHM composition, mainly regarding its protein and fat content. Fortification can be individualized in two ways: the first is the "adjustable fortification" that takes into account the metabolic response of the infant. The second is the "targeted fortification" that is based on the biochemical analysis of milk, then tailoring the fortification to ensure that each infant always gets the correct nutrient amount. 25 Moreover, according to Quigley et al, there is a need for further research to investigate the effects of formula feeding 
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Donor milk: current perspectives versus fortified DHM feeding; comparisons of formula versus DHM used as supplements to insufficient MM would also be useful. 26 
Clinical aspects
The most important clinical aspects are summarized in Table 1 , and detailed in the following paragraphs.
NeC
NEC is one of the most important causes of mortality and morbidity in preterm infants. Even if individual studies have not been able to demonstrate a protective effect of human milk towards NEC, three meta-analyses show a reduction in NEC incidence in neonates fed DHM versus formula. [26] [27] [28] Almost no studies compare the effect of fortified DHM versus formula feeding on NEC incidence.
infections
Many studies exist investigating the effects of human milk use on infection incidence, but mainly focus on MM or mixed MM and DHM. In 2004, de Silva et al published a systematic review including three randomized controlled trials (RCTs) and six observational studies regarding the relationship between nutrition, infection, and human milk in preterm very low birth weight infants. Included studies presented methodological flaws, but reviewers could conclude that human milk, when compared with formula, exerts a protective effect towards infections. 29 The following year, Rønnestad et al published a large prospective study conducted on a population of extremely low birth weight or extremely premature (,28 weeks of gestational age) infants, for whom early enteral feeding with human milk proved to be beneficial, reducing significantly the risk of late-onset sepsis. 30 Finally, in 2012, Corpeleijn et al published results showing that early (first 10 days of life) nutrition with human milk (MM and/ or DHM) versus formula decreases the risk of NEC, sepsis and/or death during the first 2 months of life. 31 However, none of these studies addresses specifically the use of DHM as an exclusive diet.
Bronchopulmonary dysplasia
A reduction in the incidence of bronchopulmonary dysplasia has been observed in one RCT, 32 but further studies are needed to confirm the observation.
Long-term cardiovascular risk factors
There is accumulating evidence of lower rates of metabolic syndrome and, in adolescence, lower blood pressures, minor low-density lipoprotein concentrations as well as a lower risk of insulin resistance while examining the long-term outcomes of preterm infants fed MM and/or DHM. [33] [34] [35] However, the significance of these observations is uncertain, mainly due 
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Giuliani et al to the fact that the cited studies compare unfortified DHM with formula, while now the common practice is to fortify DHM.
Feeding tolerance
Only a few experimental studies have been conducted about MM and feeding tolerance. The meta-analysis by Henderson et al found insufficient results from RCTs to be conclusive, 36 and this is likely to be mainly due to the ethical concerns raised by the randomization of preterm infants to formula or MM, given the demonstrated benefits of the latest results.
Compared to DHM, formula seems to bring more episodes of feed intolerance in preterm infants. 27, 28 There are several observational studies describing a better feeding tolerance and a faster attainment of full enteral feeding when human milk is chosen as a sole diet. In 2012, the results of an international survey about feeding practices in very low birth weight infants were published. Authors state that the unavailability of both MM or DHM plays an important role in the delayed establishment of enteral feeding (55%-89% of cases). The reported great variability in feeding practices within the units and the geographical regions was also explained, at least partially, by the different accessibility to DHM. For example, where DHM was available, enteral feeding was more often commenced on the first day of life, even for the most premature newborns, because they did not have to wait for expressed MM to become available. 37 All these data support the beneficial effects of DHM in enhancing feeding tolerance.
Neurodevelopmental outcome
The neurodevelopmental outcome of preterm infants is improved by feeding with MM. Long-term studies describing results of follow-up at 8 years of age and until adolescence suggest better results achieved in intelligence tests, and also greater white matter and total brain volumes in preterm infants who had been fed MM during hospital stay. 38, 39 These results are confirmed for extremely preterm infants fed human milk, while in the NICU, studies report significantly better results in mental and motor assessments at 18 months and 30 months of age. The results are still significant after correcting for such factors as maternal education, age, marital status, race, and infant morbidities. 40, 41 The slower growth rate observed in very low birth weight infants fed fortified human milk does not affect the better neurodevelopmental and motor outcomes achieved during the first year of corrected age, 42 thus shifting the attention from a quantitative to a qualitative evaluation of the growth obtained with human milk compared to formula in preterm infants. This observation had already been highlighted by Lucas et al in their trial, in which no differences in neurological achievements were reported in infants fed preterm formula versus human milk, despite faster growth in the former group. 43 Focusing on DHM as a sole diet, only one RCT exists and reports no beneficial effect of unfortified DHM versus formula on neurodevelopmental outcome. 44 There is a need to further investigate the potential effects of fortified DHM.
Allergy
The neonatal period is a critical window for immunological adaptation, and enteral feeding plays an important role in the development of the immune system through its immunoactive factors. 45 Only one RCT exists studying the effect of DHM on the allergy risk, reporting no protective effect of DHM on the development of allergy later in life, even if a protective effect of DHM against eczema in preterm infants at high risk for allergy was noted.
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Human milk banks
Growing clinical evidence has placed human milk feeding and the supply of DHM as a basic right for preterm infants. DHM banking should be promoted, protected, and supported as an extension of national breastfeeding policies. 3 In fact, DHM banks, besides the activities of collecting, processing, and storing DHM, are also a tool for breastfeeding promotion and support. In Italy, data from the Italian Neonatal Network show that in NICUs, exclusive breastfeeding at discharge is achieved for nearly 30% of neonates when DHM is available during hospital stay and for only 16% of neonates when it is not. 47, 48 One of the goals of pediatric health care givers is the protection, promotion, and support of breastfeeding. Health care workers should therefore get a good knowledge of the most common breastfeeding issues, should be trained in counseling. and encourage practices that do not undermine breastfeeding. These aspects are even more important for the preterm infants admitted to the NICUs.
Unsuccessful breast milk feeding is a major problem for preterm infants, both in terms of health and costs. Promoting breastfeeding effectively represents a major contribution to improve vulnerable infants health. 49 
Concerns and challenges in the use of DHM
A more widespread use of DHM is limited by a few concerns and challenges not easy to overcome. One of the major concerns is the safety of the milk, which should be screened, collected, processed, stored, and distributed by milk banks operating according to specific guidelines, but unfortunately this is not the rule.
Also, pasteurization, and less importantly, handling and storage, partially affect the nutritional components of human milk, diminishing quantity and/or altering quality and the function of many bioactive or nutritional compounds such as lactoferrin, IgA, lipase, lysozyme, fat, and others. Pasteurization methods other than Holder are currently under investigation, with the aim of a better preservation of the milk quality while not compromising the microbiological safety.
The slower growth of infants fed MM or DHM compared to those fed formula is also of some concern, even if the new fortification strategies may help to achieve better growth rates.
Finally, the use of DHM requires a preliminary analysis of costs and an evaluation of acceptability. In particular, we need to explore different cultural, religious, and social attitudes to DHM. 50, 51 For example, in the Muslim world, the use of DHM is not common in its conventional form. In the western world, the anonymity of the donor milk providers and the pooling of milk often prevents Muslims from accepting donor milk for their infants. The understanding of this issue and providing a rationale for accepting DHM may improve the rate of acceptance among Muslim families.
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Conclusion
So far, the ideal model of postnatal growth of preterm infants has not been described or defined. What is clear already is the paramount importance of nutrition in early life, not only to meet immediate nutritional needs, but also for its potentially long-lasting or life-long biological effects (the term "programming" has been proposed to describe this aspect). 17 The target is to achieve growth potential for very low birth weight infants and to ensure their good health and normal neurological development. However, we do not yet know what is the most suitable "path" we should follow.
MM is considered the normative standard for preterm infant feeding, and DHM is the next best choice. Evidence exists of the protection exerted by DHM from NEC, while further studies are required to look at possible beneficial effects regarding feeding tolerance, bronchopulmonary dysplasia, and long-term cardiovascular and neurological outcome. Appropriately produced DHM is safe and also works as an instrument to promote breastfeeding in the NICUs.
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